Breast carcinoma shows greater heterogeneity than the vast majority of adenocarcinomas and carries a highly variable prognosis dependent on a wide range of factors, including tumour size and stage, histological subtype, grade, hormone receptor status and a growing range of molecular abnormalities. Accurate preoperative prognostication is highly important in selecting the most appropriate individualized therapy for a particular patient, and considerable interest is now being focused on noninvasive imaging as a means to achieve this. The ability of 18 F-FDG PET/CT to combine functional and anatomical data has contributed enormously to oncology [1] , and in particular to the emerging field of personalized medicine [2] , but it has not yet found a routine role in the preoperative assessment of breast cancer. We ask here whether this situation is likely to change.
Breast carcinoma shows greater heterogeneity than the vast majority of adenocarcinomas and carries a highly variable prognosis dependent on a wide range of factors, including tumour size and stage, histological subtype, grade, hormone receptor status and a growing range of molecular abnormalities. Accurate preoperative prognostication is highly important in selecting the most appropriate individualized therapy for a particular patient, and considerable interest is now being focused on noninvasive imaging as a means to achieve this. The ability of 18 F-FDG PET/CT to combine functional and anatomical data has contributed enormously to oncology [1] , and in particular to the emerging field of personalized medicine [2] , but it has not yet found a routine role in the preoperative assessment of breast cancer. We ask here whether this situation is likely to change. 18 F-FDG PET already plays an important part in the work-up and monitoring of metastatic or recurrent breast cancer [3] , where it is especially valuable in restaging. Its ability to provide an early and accurate assessment of response to therapy has also made a substantial contribution to the management of patients with both locally advanced and metastatic disease [4] . It may also have a role in primary staging for distant disease in selected high-risk patients, such as those with large (over 3 cm in diameter) tumours, where in one prospective study it achieved excellent sensitivity and specificity in the detection of distant metastases (100 % and 98 %, respectively) and led to a change in the initial staging in 42 % of patients [5] . A further series suggested that preoperative PET/CT can have a significant impact on initial staging and on clinical management in patients with early-stage breast cancer with tumours larger than 2 cm [6] . In addition to detecting distant metastases in 15 % of these patients, PET showed unsuspected synchronous primary carcinomas at other sites in 2 % of patients. The findings of another study on early breast tumours were also promising [7] . PET/CT had the potential to impact management in approximately 16 % of patients.
Whether PET has a place in routine preoperative assessment is still unclear, however, and the quality of the evidence for its use in this setting was regarded as only "moderate" in the most recent (2008) Society for Nuclear Medicine (SNM) guidelines [3] . An increasing body of data is, however, accumulating to support the suggestion that PET may provide valuable predictive prognostic information, and could usefully contribute to the preoperative decision-making process. The study by Vinh-Hung et al. in a recent issue of European Journal of Nuclear Medicine and Molecular Imaging examines this potential role for PET, and suggests that the identification by PET of positive axillary nodes is predictive of nodal involvement and represents a useful tool for treatment decision making which can reduce the need for sentinel lymph node biopsy (SLNB) [8] .
The potential role of PET in preoperative staging in breast carcinoma has been considered in detail by two large systematic reviews which analysed a total of 10 studies of between 18 and 167 patients [9, 10] . These reviews were examined by a multidisciplinary expert panel under the auspices of the SNM to develop recommendations on the role of PET in oncology [3] . Their analysis showed that if axillary lymph node dissection (ALND) is used as the reference standard, PET demonstrates a sensitivity of 40-93 % and a specificity of 87-100 % in the detection of axillary nodal metastases. If SLNB is used as the reference, PET achieves a sensitivity of 68-96 % and a specificity of 57-80 % [3] . PET accuracy is lower when evaluated against S. Chua The Royal Marsden NHS Foundation Trust, Sutton, UK both ALND and SNB. The conclusion of the SNM panel was that the technique is insufficiently sensitive in detecting involved axillary lymph nodes, leading to the possibility of false understaging in patients with earlier stage cancer. This is due in part to the limit of resolution of PET/CT being around 3 mm, so that micrometastases (less than 2 mm) are not detectable and the smallest axillary node identified in one recent study of the technology was 3 mm [11] . Extensively necrotic metastases also show less avidity for FDG and may not be identified as a result. Although most of these earlier studies employed stand-alone PET scanners, and therefore did not reflect the improved diagnostic performance of PET/CT, more recent studies using PET/CT still achieved only a relatively poor sensitivity of 58-70 %, although specificity was good at 92 %-100 % [5, 11] . Given that PET positivity has a high positive predictive value for nodal involvement, it has been suggested by Aukema et al. [12] and corroborated by Vinh-Hung et al. [8] , that preoperative PET may represent a useful stratification tool, obviating the need for SLNB in PET-positive patients, so that ALND can be proceeded to immediately. Although at present PET does not normally form part of breast cancer staging, it is sometimes performed as a baseline study for monitoring of response to neoadjuvant therapy, and this could be taken advantage of to reduce the need for SLNB [12] . This could help avoid the necessity for two operative procedures in these patients.
It is recognized that the sensitivity of 18 F FDG PET/CT for detecting the primary tumour in breast carcinoma is relatively low, only around 64 % [13] , so that conventional imaging is clearly better suited to this purpose. PET findings may, however, offer useful information on an individual breast carcinoma tumour's biological behaviour. In a recent study of 203 patients with stage cT1-T3,N0 breast carcinoma, FDG uptake as measured by SUV was significantly related to the size of the primary tumour, the number of involved axillary nodes, tumour grade, negative oestrogen receptor (ER) status, high proliferative index and HER2 overexpression. No distant metastases or deaths were seen in the PET-negative patient group. However, SUV was not found to be an independent prognostic factor. The PETnegative and PET-positive groups had 5-year overall survival rates of 100 % and 93 %, respectively [14] . In keeping with these findings, triple-negative (negative for ER, progesterone receptor and HER2) breast tumours have been shown to be associated with enhanced FDG uptake [15] . 18 F-FDG PET/CT could therefore be a useful tool to predict biological characteristics prior to therapy, although the available therapeutic options are not yet sufficiently nuanced or targeted to enable maximal clinical advantage to be taken of this phenotypic variability.
Angiogenesis is an independent strong prognostic factor in breast carcinoma and trials to define the role of targeted therapy with bevacizumab and other tyrosine kinase inhibitors in different settings of the disease are ongoing [16] . Direct PET imaging of angiogenesis in breast cancer is a technique still under development [17, 18] . However, 18 F-FDG PET/CT may offer a more convenient surrogate assay of angiogenetic activity at the present time. It is now recognized that induction of tumour angiogenesis is closely interlinked with the glycolytic pathway via hypoxia-inducible factor 1 (HIF-1), and a recent prospective study has shown that 18 F-FDG uptake in breast carcinoma as quantified by SUV is very significantly associated with angiogenesis as evaluated by immunohistochemistry for the endothelial marker CD105 [19] . A positive relationship between tumour metabolism and vascularity has also been shown by studies using 15 O-H 2 O PET [20] and MRI [21] , and tumour perfusion normalized to cardiac output was significantly correlated with SUV in a study using combined 18 F-FDG PET/ dynamic contrast-enhanced CT [22] .
The development of new radiotracers is likely to greatly augment the present role of PET by uncovering currently inaccessible information on the biology of individual tumours. PET using the ER imaging agent 18 F-16α-17β-fluoroestradiol is in research use to provide information on ER status of tumours, and appears to be predictive of clinical response to endocrine therapy in ER-positive breast carcinoma [23] . A dedicated breast PET/CT scanner capable of higher spatial resolution than whole-body (WB) PET/CT is in development, and early results show much improved performance compared to WB PET/CT. For example, a sensitivity of 91 % has been reported for the detection of ductal carcinoma in situ compared to only 25 % using WB PET [24] . The small size of these scanners would enable their use in breast imaging clinics, with direct correlation of the findings with mammographic appearances.
In summary, although approval for a routine role for preoperative PET in breast carcinoma may yet require further supportive evidence, the potential is clearly there to add a new dimension to the noninvasive evaluation of patients with the disease, and reveal new biological information to facilitate selection of the best possible therapy.
